After preliminary screening, Mortierella alpina and Mortierella elongata were compared with respect to arachidonic acid content. M. alpina ATCC 16266 produced 2.1 g of arachidonic acid per liter in media containing 10% glucose while the highest percentage of arachidonic acid in lipid (43.3%) was observed at a glucose concentration of 2%. Arachidonic acid content in lipids increased to 66% during storage.
following (in grams per liter): glucose, 20; and yeast extract, 10 . YM medium (20) consisted of the following (in grams per liter): glucose, 10; polypeptone, 5; yeast extract, 3; and malt extract, 3 . HD medium (10) contained the following (per liter): glucose, 30.0 g; yeast extract, 5.0 g; KH2PO4, 2.4 g; KNO3, 1 .0 g; CaCl2 2H2O, 0.1 g; MgSO4-7H2O, 0.5 g; FeCl3 6H20, 15 mg; ZnSO4 7H20, 7.5 mg; and CuS04 -5H2O, 0.5 mg. Fungal strains were maintained on GY medium supplemented with 3% agar and were transferred every 2 months. Cultures were first grown on HD medium for 48 h at 25°C. This culture (5% [vol/vol] ) was used to inoculate the production medium. Inoculum and production cultures were prepared in 250-ml Erlenmeyer flasks containing 50 ml of medium and shaken at 300 rpm on an orbital shaker.
Lipid analysis. Lipids were extracted from the dried fungal biomass by the method of Bligh and Dyer (4) , and the extract was dried at 36°C and methylated (11) . The fatty acid methyl esters, dissolved in n-hexane, were analyzed by gas chromatography. The degree of unsaturation in the lipid fraction was calculated by the method of Kates and Baxter (12) .
Screening at 25°C. Although several fungal strains have been screened for lipid accumulation, only selected strains which have some potential for intracellular lipid production are reported here. Mortierella alpina ATCC 32221 did not produce arachidonic acid at 25°C (Table 1) Screening at 11°C. Mortierella strains were also grown at 11°C in HD medium for 10 days (Table 2 ). For M. elongata, biomass values were higher and arachidonic acid contents of biomass were lower when strains were grown at 11 than at 25°C. While the average arachidonic acid yields of the three strains grown at 11°C (0.39 g/liter) and those for the same strains grown at 25°C (0.38 g/liter) were similar, productivities (arachidonic acid produced per liter per day) were much lower for strains grown at 11 than at 25°C. Although biomass values observed for M. alpina ATCC 16266 and ATCC 42430 were higher when the strains were grown at 11°C, lipid and arachidonic acid contents of biomass were significantly lower, and, overall, higher yields were observed at a growth temperature of 25°C. Traces of arachidonic acid were synthesized by M. alpina ATCC 32221 at 11°C, although no such production was observed at 25°C.
M. alpina ATCC 16266, which manifested the highest yields of arachidonic acid, was selected for further studies. Although strains grown on GY medium produced a lower overall yield than those grown on HD medium, GY medium was selected for further investigation because strains grown on it produced a higher content of arachidonic acid in lipid (43%) than did strains grown on HD medium (27%).
Effect of initial pH. When the initial pH of the medium was varied, strain ATCC 16266 grew well in the pH range of 3.8 to 8.0 (Fig. 1) 40% (wt/wt) with starch, maltose, glucose, and fructose used as carbon source. Although glycerol utilization produced the highest yield of arachidonic acid, the arachidonic acid content in lipids was quite low. The highest arachidonic acid yields were produced on GY medium with glucose as the carbon source. The effect of glucose concentration on arachidonic acid production was also investigated (Fig. 2) . Arachidonic acid contents in lipids, in biomass, and per liter of culture were at their maximum in medium with glucose concentrations of 20, 50, and 100 g/liters, respectively. Effect of nitrogen source. Of various nitrogen sources added separately at a 1% concentration to the medium containing 10% glucose, yeast extract followed by peptone resulted in the highest arachidonic acid yields of 2.09 and 0.74 g/liter, respectively. Growth was very poor with other nitrogen sources. High percentages of arachidonic acid in (15, 21) . Significantly higher arachidonic acid contents in biomass may be achieved by growth on agar plates (20) . When recovered mycelium was stored for 7 days, arachidonic acid content increased to 65.9% of total lipid. A similar increase in arachidonic acid content to 67.4% was also reported by Shinmen et al. (17) . With many microorganisms, a decrease in unsaturated fatty acid content occurs on aging (7). However, polyunsaturated fatty acids in Ochromonas danica (9) and Phaeodactylum tricornutum (2) increased with aging. Maximum yields of arachidonic acid in cultures of M. elongata were 0.96 to 0.99 g/liter (15, 21) . In their fermentor studies, Shinmen et al. (18) reported a maximum arachidonic acid yield and percentage of arachidonic acid in lipid of 3.6 g/liter and 35% (wt/wt), respectively.
Yields of arachidonic acid for M. elongata and M. alpina strains, cultured at 11°C, were similar to yields observed at 25°C in the same medium. In contrast, the production of eicosapentaenoic acid by several Mortierella species (18) and by Chlorella minutissima (16) is stimulated at reduced temperatures. Glucose was also reported to best support cell growth and arachidonic acid production by M. elongata, maximum arachidonic acid production being observed in media containing 100 g of glucose per liter (21) . The accumulation of oleic and linoleic acids by the low-arachidonicacid-producing strain, M. alpina ATCC 36965, suggests that the enzymatic desaturation and/or elongation reactions for conversion of linoleic to arachidonic acid (13) do not operate efficiently in this strain.
